In the context of the ESPaDOnS and Narval spectropolarimetric surveys of Herbig Ae/Be stars, we discovered and then monitored the magnetic field of HD 190073 over more than four years, from 2004 to 2009. Our observations all displayed similar Zeeman signatures in the Stokes V spectra, indicating that HD 190073 hosted an aligned dipole, stable over many years, consistent with a fossil origin. We obtained new observations of the star in 2011 and 2012 and detected clear variations of the Zeeman signature on timescales of days to weeks, indicating that the configuration of its field has changed between 2009 and 2011. Such a sudden change of external structure of a fossil field has never previously been observed in any intermediate or high-mass star. HD 190073 is an almost entirely radiative pre-main sequence star, probably hosting a growing convective core. We propose that this dramatic change is the result of the interaction between the fossil field and the ignition of a dynamo field generated in the newly-born convective core.
Introduction
A few percent of main-sequence and pre-main sequence (MS) stars of intermediate mass host strong magnetic fields, of simple (topologically dipolar) configuration, stable over many years or decades (e.g. Donati & Landstreet 2009 ). Recent studies of Herbig Ae/Be stars as well as of giants (Aurière et al. 2008 (Aurière et al. , 2009 ) have demonstrated a fossil link between the magnetic stars at different evolutionary stages: from the pre-MS to the post-MS. The physical processes at the origin of these fields are starting to be understood. Due to the presence of these fields in very young stars, and to the lack of characteristics that could be linked to a dynamo, these fields are believed either to be remnants of the Galactic fields that would have been swept up by the contracting core, or to have been generated by a dynamo when part of the star was convective during the very early phases of its life. This is the fossil theory. Braithwaite & Nordlund (2006) have performed numerical simulations showing that an arbitrary initial field quickly evolves into a relaxed stable configuration (see also ) and, once formed, evolve on timescales longer than the MS lifetime of a star. The resulting configurations are similar to those observed on the surface of the intermediate-mass stars. One of the most poorly understood as-⋆ Based on observations collected at the Canada-France-Hawaii Telescope (CFHT) which is operated by the National Research Council of Canada, the Institut National des Sciences de l'Univers (INSU) of the Centre National de la Recherche Scientifique (CNRS) of France and the University of Hawaii, at the Observatoire du Pic du Midi (France), operated by INSU, and at the European Southern Observatory, Chile pects of the fossil scenario is the interplay between the dynamo magnetic fields arising in the convective envelope at the beginning of the pre-MS phase, and in the convective core at the end of the pre-MS, and the fossil magnetic field residing inside the radiative layers of the star.
HD 190073 is an Herbig Ae star with an effective temperature of 9250 K (Acke & Waelkens 2004) . Its magnetic field was discovered in 2005 as part of a survey of magnetic fields in Herbig Ae/Be stars (Catala et al. 2007 ). We first observed it for 4 consecutive days, then, once every few months for more than four years, with ESPaDOnS or Narval, to determine the stability of the field over time. In contrast to most magnetic V signatures observed in intermediate and high-mass stars, the Zeeman signature of HD 190073 was always similar from one observation to another. No variability was detected. In other stars the observed variations are explained by the oblique rotator model, describing a rotating star hosting an inclined dipolar magnetic field (Stibbs 1950) . Catala et al. (2007) proposed three scenarios to explain the absence of rotational modulation in HD 190073: (i) the star is seen pole-on, (ii) the magnetic and rotation axes are aligned, or (iii) the rotation period of the star is very long.
The stability of magnetic fields in Herbig Ae/Be stars, including HD 190073, is well established, and is a very strong argument in favour of the fossil theory (Braithwaite & Nordlund 2006) . However, in 2011 and 2012 we obtained a new series of observations (about two years after the end of the first series), using HARPSpol and Narval, and to our amazement we detected strong variations on timescales of few days or weeks, clearly indicating an abrupt change of the magnetic configuration at the surface of HD 190073. This phenomenon has never been observed in any magnetic intermediate or high mass star. In this letter we report the observations (Sect. 2), describe the analysis of the polarised spectra (Sect. 3), and discuss the possible origins of this unprecedented phenomenon (Sect. 4).
Observations
We have obtained two sets of observations. The first consists of 18 observations that were acquired between May 2005 and September 2009 with the high-resolution spectropolarimeters ESPaDOnS and Narval, installed at the Canada-France-Hawaii Telescope (CFHT, Hawaii), and at the Télescope Bernad Lyot (Pic du Midi, France), respectively. These observations were acquired in the course of PI programs dedicated to the study of the configuration and stability of the magnetic fields in Herbig Ae/Be stars. Some of these observations have already been published in Catala et al. (2007) . The second set of high-resolution spectropolarimetric observations consists of one HARPSpol (3.6m-ESO Telescope, Chile) spectrum obtained in May 2011, and 46 Narval spectra acquired between July 2011 and August 2012. These observations were obtained in the framework of the MiMeS (Magnetism in Massive Stars) Large Programs, which are aimed at establishing the magnetic properties of massive stars at different evolutionary stages ).
All ESPaDOnS and Narval data were reduced as described by Catala et al. (2007) , using the dedicated tool Libre ESpRIT (Donati et al. 2006 ). The HARPSpol observation was reduced using a modified version of the REDUCE package of Piskunov & Valenti (2002) , as described by Neiner et al. (2012) . In order to increase the signal-to-noise ratio (SNR) of our data we used the Least-Squares Deconvolution method (Donati et al. 1997, LSD) with the complete Kurucz mask described in Catala et al. (2007) , i.e. the mask containing almost all lines predicted by the model. This method provides us with the intensity I and circularly polarised Stokes V mean profiles of the spectra. These V profiles are plotted in Fig. 1 . Examples of LSD I profiles can be found in Catala et al. (2007) . The SNR in the LSD V profiles vary from 7000 to 22 000 in the two data sets. The longitudinal magnetic field strengths (B ℓ ) were computed as described in Alecian et al. (2012) , and vary between −35 G and +55 G.
The intensity spectra and LSD profiles of the second data set have similar characteristics than those of the first set, already described by Catala et al. (2007) . In both sets the spectrum is strongly contaminated with circumstellar emission, and this emission changes with time in a similar way. The photospheric (I) spectral lines of the two data sets have the same shapes, depths, and weak broadening. Unlike the intensity spectra, the circularly polarised spectra are quite different between the two data sets, as detailed and discussed below.
The variability of the polarised spectra
In Fig. 1 In order to search for possible significant variation of the LSD V profiles in the first data set, we have computed the standard deviation of the individual V profiles. The results are plotted in Fig. 2 (in black) . If small but significant differences exist between the profiles of the sample, we would expect an increase of the standard deviation inside the profile with respect to the continuum where the signal is null. In Fig. 2 , we observe that the standard deviation in the black profile is totally flat, which means that no significant variation is detected in the magnetic signature of HD 190073 over more than four years (2005) (2006) (2007) (2008) (2009) .
The average and standard deviation of the V profiles of the second data set are overplotted in Fig. 2 (in red) . In contrast to the first set, we observe an increase of the standard deviation inside the profile, well above the noise level, indicating that the profiles are not all similar and that the variations were definitely significant in 2011-2012. In order to identify a possible modulation period of the observed variations in the 2011-2012 Stokes V profiles, we have computed periodograms by performing a least-squares fit of the B ℓ curve with a sinusoidal function. A sine wave is expected if the magnetic field is similar to an inclined dipole. The periodogram computed with the 2011-2012 B ℓ values shows a clear minimum at 39.8 ± 0.5 d with a reduced χ 2 of 3.6 (Fig. 3) . The resulting best sinusoidal curve is superimposed with the measured B ℓ values in Fig. 4 . The best fit reproduces well all but one of the 2012 observations, confirming that a real modulation is present in our data set. However, a number of 2011 data point are not concordant with this period. We have therefore searched for a period in each of the 2011 and 2012 data sets separately. While in the 2011 data no significant period could be identified, a period of 40 ± 8 d is clearly detected in the 2012 set, with a reduced χ 2 of 1.8, consistent with the value found using the whole 2011-2012 data set.
The relatively satisfactory fit to a sine wave in 2012, while the 2011 data fit such a wave quite poorly, together with the fact that the 2012 B ℓ data seem to vary strongly, with 8 out of 20 of the B ℓ values below 0, while only 2 in 31 of the 2011 data are below zero, suggest that the variations observed during the two epochs are quite different. 
Discussion
From 2005 to 2009 no variation of the Zeeman signature was detected. Catala et al. (2007) proposed three hypothesis: (i) the star is seen pole-on, (ii) the rotation and magnetic axes are aligned, or (iii) the rotation period is very long (longer than the time range of our observations, i.e. several years). No fundamental changes of the photospheric line profiles (in I) or in the circumstellar environment have been observed from 2005 to 2012. It is therefore reasonable to assume that the rotation axis has not changed either. If the variations of the Zeeman signature are due to rotational modulation, as suggested by the periodic variations of the 2012 data, hypothesis (i) can be ruled out. Moreover, we propose the rotation period to be about 40 days and consequently hypothesis (iii) can also be ruled out. Therefore before 2011, the magnetic axis was very likely aligned with the rotation axis (hypothesis (ii)).
It seems reasonable to assume that the modulation of the Zeeman signature observed in 2011-2012 is at least partly caused by the rotation of the star. If the magnetic configuration at the surface of the star is stable over many rotation periods, a periodicity should be observed in the Zeeman signature. In 2012 alone, all but one of the 20 B ℓ data are well reproduced with a sine wave curve, implying that a periodicity is detected. We therefore assume that the field of HD 190073 in 2012 is roughly dipolar, and inclined with respect to the rotation axis, so that the variations are due mainly to oblique rotator-like rotation. In the 2011 data, we are not able to find any periodicity using a sine wave, and the period that fits almost all the 2012 data does not fit the 2011 data at all well. The 2011 data, while not strongly variable, seem more chaotic than those from 2012. We suggest (2001) is plotted with a blue thick dashed line. The limit over which the convective envelope is smaller than 1% of the stellar mass, and the CC-birthline (see text) are overplotted with orange dot-dot-dot-dashed lines.
that during the 2011 observing season the field structure was changing its intrinsic geometry, and variations due to rotation were only a minor part of the observed variation.
The spectral lines of HD 190073 are very narrow, and their broadening may be dominated by turbulence, and only slightly affected by rotation (Catala et al. 2007) . As a consequence we may have only a limited access to the rotational Doppler resolution inside the spectral lines. This Doppler resolution is useful to study the polarisation level per rotational velocity bin, which provides strong constraints on the magnetic configuration at different longitudes and latitudes (see details of Doppler imaging in e.g. Vogt et al. 1987) . It is therefore an efficient way to detect complex fields. In the absence of rotational Doppler resolution we are unable to use this method, and both simple and complex fields can produce Zeeman signatures similar to those observed in HD 190073.
We therefore propose the following scenario. Before 2009, the magnetic configuration of HD 190073 was stable and the magnetic axis was aligned with the rotation axis, resulting in an absence of modulation in the Zeeman signature. Between 2009 and 2011 a phenomenon occurred that perturbed the fossil field. As a consequence, the magnetic configuration lost its axisymetry, and a rotational modulation is now observed. In 2011 the magnetic field had not yet reached a stable dipolar configuration, while in 2012 the stability seems to have been achieved.
As the photosphere and circumstellar environment of HD 190073 display similar characteristics throughout this period, there is no evidence that an external event, such as interaction with a companion having an eccentric orbit, or a collision with a massive comet (as observed sometimes in young Herbig stars, see e.g. Grinin et al. 1996) , occurred during that time, and perturbed the stellar surface field. The phenomenon that perturbed the magnetic field of the star is therefore more likely of internal origin.
We have investigated the predicted internal structure of the star, by comparing its position in the HR diagram with pre-MS CESAM evolutionary tracks (Morel 1997 ) of solar abundance (Acke & Waelkens 2004) . The distance of the system is not well known, because the Hipparcos parallax (van Leeuwen 2007, 0.70 ± 0.74 mas) is very poorly constrained. Therefore we used the effective temperature of Catala et al. (2007, T eff = 9250 ± 250 K) and log g = 3.75 ± 0.3 to constrain the star's position in the HR diagram. The adopted value of log g was selected because our spectra can be reproduced equally well with log g of 3.5 or 4.0 when the effective temperature is varied within the error bars. In Fig. 5 , if we take into account the error bars, we observe that HD 190073 is situated just before or perhaps on the convective core birthline (CC-birthline), i.e. the condition in which the convective core has reached a mass larger than 1% of the mass of the star. Before reaching the CC-birthline, the star is entirely radiative and hosts a fossil field. When the star reaches the CC-birthline, and the convective core starts to build up, and convection is able to generate a dynamo magnetic field (Moss 1989; Charbonneau & MacGregor 2001; Brun et al. 2005) . We expect this dynamo field to couple with the fossil field at the border with the radiative envelope. Featherstone et al. (2009) studied, with 3D magneto-hydrodynamical simulations, the interaction between such a convective dynamo field and a stable axisymetric twisted dipolar fossil field in a surrounding radiative envelope. They showed that the coupling induces modifications of the fossil field geometry, in particular that the field becomes oblique.
Therefore we propose that the dynamo field generated by the growing convective core has perturbed the fossil field anchored in the radiative zone of the star and is at the origin of the observed change in HD 190073. The simulations by Featherstone et al. (2009) included an already established dynamo in the core, perturbed by a fossil field in the envelope, while in HD 190073 the fossil field is present first and the convective dynamo appears progressively. Therefore it would be useful to simulate this specific case. In addition, the observed change occurred in less than 2 years. This timescale is compatible with the proposed scenario, since stellar convective instabilities, and consequently a dynamo, grow on timescales of about 1 month (e.g. Parker 1975) .
To test whether the new magnetic configuration has already stabilised and to determine the precise parameters of this configuration, additional observations will be required. HD 190073 represents a unique opportunity to witness the appearance of a convective core in a star.
